The instruments developed by the Clean Technology Network of Bahia (TECLIM) at the Federal University of Bahia (UFBA) (cited in Part 1 of this paper) are presented. Factors regarding water management in industry were examined, on the basis of experience acquired over the period of a decade in cooperative research projects with large industrial process plants located mostly in the Camaçari Petrochemical Complex, Bahia State, Brazil. The main results consist of training about 1700 industry professionals in CP, the identification of about 500 ideas for the rationalization of water use, the presentation and publication of 90 articles in journals, conferences and other academic events, identification of ideas with potential water savings estimated at around 1400 t·h -1 and the reduction of at least 500 t·h -1 in effluents. Other sectors that make use of water, for example public buildings, commercial buildings, homes, shopping centers and airports can adapt and use the TECLIM method as will be exemplified.
Introduction
As cited by Kiperstok et al. (Part 1) [1] , during the course of cooperative projects with industry, the Clean Technology Network (TECLIM) has developed a method for the optimization of water use in industries. This method is based on CP principles and is composed of some of its own instruments and others adapted from literature [2] [3] [4] [5] :
I1. The merging of academic and operational/Industrial knowledge;
I2. The inclusion of CP concepts by means of continuous large-scale training;
I3. Construction of reconciled aqueous stream balances considering uncertainties in measurements;
I4. Compilation of a digital database of ideas that takes into account cultural, environmental and economic factors in evaluating the potential use and drawbacks of opportunities;
I5. The introduction of a geographical information system (GIS) to identify the sources of water (by producers or consumers) within the context of companies and in the region; I6. Optimization of Mass Exchange Networks; I7. Analysis of the region's hydro and hydro-geological characteristics;
I8. Drawing up conceptual projects for reducing the use of water and generation of effluents; I9. Auditing of the sources that give rise to the effluxents.
These instruments are described in the following sections considering their respective goals and results.
There are clear differences between the culture of industrial and academic environments. Each has their own distinct objectives and working conditions, both in general terms and in the ways they seek to bring about environmental sustainability. Whereas the industrial sector faces situations that have to be deal with short or medium terms, with regard to creating, following and consolidating current practice and procedures, the academic world designs projects to be undertaken over a longer period of time. While the industrial sector requires immediate action, the academic world devotes time to formulating new theories. Evidently, bringing these two kinds of knowledge together can be of immense value to both areas, as there is already a great deal of mutual respect and willingness to achieve common goals [3] .
To lower the barriers between academia and industry, a balance between academic goals and industrial priorities, involvement and commitment of the partners, mutual trust, and effective communication are the key factors. The quality of project management must respond to external changes or strategic addition of large doses of patience and hard work [8, 9] .
In the Industry-TECLIM partnerships the analysis of the water management in each company consists of an initial constructive stage for each research project. The objectives and expected results can thus be defined by taking this examination into account, together with the instruments that have been developed.
The team responsible for undertaking each project (called Eco-team) comprises graduate, post-graduate, master's and doctorate researchers in chemistry, and in chemical, electrical, mechanical and environmental engineering, as well as engineering trainees. This Eco-team is supervised and supported by a team of coordinators (university lecturers) and facilitators from the industry.
In general terms, the activities can be divided into two distinct stages: In the first stage, the researchers concentrate their activities at the university and seek to gather information about the processes and historical background of the use of water and the generation of effluents. In the second stage, when the researchers have gained a degree of autonomy, they begin to work inside the battery limits of the industries. Computer-based support tools are used in the planning phase. This process is periodically kept under review and updated to take into account new information and the guidelines developed through the experience of approaching academic and operational knowledge.
Some managers and partners from both sides take part in an Advisory Council which is set up to monitor the preliminary policies and offer guidance to both the preparatory phase and the progress of the studies. This council plays a key role in the allocation of the company's resources, mainly the work schedule of participants on the project, as the allocation of the funds are generally dealt with by the team leaders.
Another kind of interaction between the university and companies occurs through weekly meetings that are held with researchers and facilitators from the industry. These meetings are designed to oversee the progress of the studies, make recommendations and set out new actions. There are also less frequent meetings with the Advisory Council which, in turn, takes a close look at the suggestions made by the researchers involved in the project in the operational areas under study. In a project lasting two years, for example, the Advisory Council usually holds six meetings.
The monitoring of the environmental performance of the company with regard to its water consumption and generation of effluents is carried out by means of indicators dealing with the water consumption, the amount of effluent generated and the rate of production in the same period. The causes of the variations of these indicators are analyzed as a part of an optimization strategy to determine levels of water use and the reduction of the generation of effluents.
It should be stressed that 50% to 60% of the time spent on the project is invested in the collection, compilation and validation of the information collected.
Insertion of the CP Concepts through Continuous Large-Scale Training (I2)
To implement CP principles in industry all the employees should be involved, if possible [10] . Successfully implementation of this practice requires also appropriate training of all the Eco-team from the industry and the university [11] . The guidelines laid down by the Cleaner Production (CP) are used to oversee the work carried out in each company and to identify the causes of unnecessary water usage and the generation of effluents inside the battery limits (and not just on the margins). The purpose of this activity is to heighten the awareness of the operators and engineers about how water is managed inside the Industry. It requires stopping the delegation of issues concerning water usage and the generation of effluents to third parties.
The personnel are placed at the forefront of the challenge of creating environmental sustainability by employing eco-efficient factors (Factor 10 and Factor X, according to Graedel and Allenby [12] ). This approachcan new ways be sought by the Eco-team for the reuse and recycling of effluents. In all circumstances, effluent must be regarded a fluid that forms part of the production processes despite its inferior quality. Alternative forms of treatment and disposal may also be considered, but only as a last resort.
The complexity of the processes and the lack of and often poorly organized information available are among the difficulties to be overcome, thus requiring both structured and systemic method of data collection and management. The inclusion of the CP concepts presupposes a change in the culture of the company. How can the cultural barriers be broken to allow the CP concepts to be effectively incorporated? How can people be dislodged from their respective comfort zones and moved to a region where they must learn and create? Changes of such magnitude may arise from the knowledge of the flows handled by the operators, structured by a water balance, and with large-scale training of professionals through a culture of continuous learning.
In the developed method, the concepts of CP are usually taught in courses lasting for 12 hours and running in 2 stages. The course is offered to the whole group of operators and engineers, although it can and should be extended to all the company (including the third-party companies).
In the first stage of the course, an attempt is made to increase the awareness of the participants in matters regarding the consumption of natural resources and to shift their attention from the so-called end of pipe technology to the source of inefficient water use in the upstream and downstream processes themselves and their relations with other processes in the productive sector. There is a review of a conceptual and simplified version of the method for CP offered by UNEP/UNIDO/CNTL [UN Environment Program/UN Industrial Development Organization/National Center for Clean Technologies] (FI-ESP-Federation of Industries in the State of São Paulo [13] ). After dividing the participants into assorted teams (reflecting different sectors of the process) of four or five people, each team is encouraged to develop a project by using CP concepts to find new ways to improve the environmental performance of the company, including in the operational and administrative areas.
The teams have a one-month deadline to carry out this project, and then they show the results in the second stage of the course. The researchers on the project also attend the course and support the teams by structuring the new opportunities that have been found. After the teams have explained their ideas and suggestions, environmental, operational and economic factors are raised such as the area and equipment involved, the estimated savings of water and the funding required for their implementation.
The ideas are registered and assorted in a digital database of ideas (see instrument I4) which is periodically analyzed by the Eco-team to determine the technical and financial feasibility of these ideas and whether (after examining them in greater depth) they might lead to conceptual projects which can be carried out by researchers together with a specialist team of technicians from the company. This training fosters each participant to seek eco-efficiency in the workplace as well as in their own private lives.
Apart from the CP course, the members of the Ecoteam undergo an intensive training sessions which are given at the beginning of the project. These courses and lectures are open to the whole university and to every company employee. Table 1 shows a list of the main courses generally undertaken. 
Water Balance and Data Reconciliation (I3)
The lack of measurement of water flows in processes is a constant source of problems in industrial plants. This arises either because there is a lack of measuring devices or from the fact that they are not handled correctly. Both cases reflect the low priority attributed to water management in industry. This scenario has been addressed by constructing water balances using the few measured aqueous flows, and the other values being estimated. This instrument represents the rate of the aqueous flow at the entrance and exit points with an approach that involves various control volumes (for example regional, industrial plant, areas and units of production).
The study of the mass flow of aqueous streams either in the form of water supply (untreated, clarified, demineralized and drinkable), steam (under various thermodynamic conditions), condensate (clean or contaminated) or effluents (of the most varied kinds) allows the team to trace a water profile in the factory and thus enable improvements in the management of this resource. As a result, all kinds of data about the flow can be used whether they originate from measuring devices which are rarely calibrated, or estimates of the flow obtained by means of mass balance, effective spot measurements, project data, theoretical estimates, simulation or even information collected in the unit through interviews with the operators. This search for information together with the involvement of the company's personnel to find ways to reduce water use constitutes one of the most important stages in the whole process.
Each source of information is assigned a score (QI)-the degree of reliability or the Quality of Information. A macro-perspective can be obtained from the global Water Balance. This covers the most comprehensive control volumes at the entrance and exit points of the industrial plant, see Figure 1 . More specific perspectives can be obtained by identifying the currents at the entrance and exit points of each unit or piece of equipment.
All the data in the Water Balances (viewed in general terms and per unit of operation) are compiled in electronic spreadsheets and represented in the form of a block diagram. Each block represents one of the production a Inputs; b Product(s),byproduct(s), co-products(s), residue(s). units or even each kind of equipment (identified through its Business Identity Code-ID or TAG number). Each connecting line in these blocks indicates the aqueous currents that flow in or out and the arrows indicate the direction of the flow. The lines are represented in different ways depending on the type of current-dashed, colored or with an acronym in the caption.
To compare the currents, the data are represented on a continuous base-line in t/h. A quality of information (QI) score is linked to each part of the information about the flow. Information uncertainty, which is in inverse proportion to the QI, can be attributed to the method used to obtain this information. Initially, the QI values between 0.4 and 10 are given for each aqueous current under consideration [5] where the score of 0.4 refers to a rough estimate and a score of 10 is given in cases where there is a calibrated measuring device (Figure 2) .
One possible way of assessing the value of the global QI of the various control volumes is to make a calculation of a representative QI of the amount under consideration by weighing the values of the flow and the QI of the known currents (Equation (1)). 
where QI is the quality of information attributed to the value of the flow i; V i is the value of flow of the water current i and N is the number of streams considered. One way to improve uncertainty distributions and ensure that the information complies with the determined restrictions imposed on the process (Deviation = 0) consists of applying the data reconciliation of the mapped flow rates [14] . On the basis of the flow data associated with its quality (QI), data reconciliation seeks new flow values that can satisfy the mass balance equations by means of mathematical optimization techniques. This operation reduces the difference between the original values and the reconciled flow values.
The difficulty in using a typical formulation for the problem of data reconciliation lies in the need to know the uncertainty of the estimated data [15] . To overcome this difficulty we developed a relationship between QI and the uncertainty of the data [5] as shown in Equation (2) .
The k parameter is constant in a water balance, so the objective function of the data reconciliation can be rewritten in terms of QI and without this parameter, see Equation (3) .
The TECLIM/UFBA method suggests a way of circumventing this problem by using the formulation outlined in Equation 3 that regards the QI as having a behavior that is the inverse of uncertainty. The problem of optimization can be solved, for example, by using the optimization toolbox from the MATLAB software and introducing the flow data and the QI that is available in the electronic spreadsheets. This stage of the data reconciliation is essential to increase the reliability of the mass balance.
where: VR and VM are the flow rates that are reconciled and mapped (or presumed to be mapped) with reference to current i; N is the number of currents involved. After reconciliation the uncertainty and QI can be evaluated by propagation on uncertainty [16, 17] .
Implementation of a Bank of Ideas (I4)
Environmental optimization of industry involves extensive work in identifying opportunities to improve productive processes and thus the management of these opportunities becomes of decisive importance when making use of the creative potential of the participants and collaborators. A Bank of Ideas was developed to allow a continuous flow of records to be kept for subsequent analysis of prospective ideas/suggestions facilitating the participants and collaborators from the companies to become involved in the process of rationalizing water use.
The instrument is set within the vision of the method Front-End Loading (FEL) for project management. FEL was developed by IPA (Independent Project Analysis) and is mainly applied in investment projects in order to reduce the risks involved in decision-making as well as costs related to reworking and redesigning [18, 19] . This method is applied as a lever in the early stages of a project (initiating and planning) that directly impact the success of the project. The Bank of Ideas in TECLIM's Method was developed with the same goals as FEL; to increase the likelihood that only the ideas that are well developed become conceptual projects (Instrument I8).
The structure of the Bank of Ideas involves a database in which the information of each idea and user can be stored. The operation of this database can be divided into two periods. The first involves the registering of suggestions by the users and the second the administrative work carried out by the Eco-team. The users are asked to register their ideas and carry out periodic check-ups, while relying on the Eco-team to help them to proceed with their studies. In contrast, the Eco-team has to make a disclosure of the contents of the database, correct any mistakes in the ideas already registered, encourage and publish an assessment of the ideas, and seek sources that can lead to improvements to make each idea more viable.
In the evaluation stage, the ideas that have the greatest potential to be turned into opportunities are identified. This is done by sorting the ideas into the different Industrial areas to which they are linked. At the same time, the Eco-team selects employees from the company to assess the ideas that correspond to their respective areas. When the idea concerns more than one area of the industrial plant or can be applied to the whole industry, the group of assessors is composed of researchers who are involved in the project and company employees that have comprehensive knowledge of the productive process. An evaluation form was structured to give support to the stage of assessing the ideas suggested. In undertaking this, three aspects of each idea are assessed: 1) Environmental factors: regarding the reduction of water consumption or wastewater generation, for example;
2) Cultural (or psycho-social) factors such as changes in attitude and behavior both within and outside the industrial plant;
3) Economic/financial factors: the estimated financial return that can be made on an investment by putting a
The Geographical Information System-GIS (I5)
new opportunity into effect. Table 2 shows an example of the percentage bands and approximate values (in R$) which are used to carry out the assessment of the respective environmental, cultural and financial factors. On a scale of 1 to 5, the ideas that are technically the easiest to implement and that can have the most beneficial effect on environmental Industrial relations are given the highest scores.
The spatial representation of the area under study is of crucial importance in giving assistance both to decisionmaking on how to use the aqueous flows at each point of the process as well as to design strategies to improve the use of the hydric resources available in the surrounding area of each company and region. The weighted averages of the scores assigned to each idea by the evaluators are calculated and shown in the graph displaying the ranking of opportunities, see Figure  3 .
The Geographical Information System (GIS) is introduced with the aim of providing an integrated view of the area where each project takes place and, more specifically, of forging links between the sources and consumers of water, which are represented by geographical coordinates. The purpose of this instrument is to serve as a basis for making an assessment of the costs incurred in linking up the effluent flows with their destinations.
The ideas located in the upper left-hand square are, theoretically, those whose implementation would bring about the most positive effects with the least financial investment being made, suggesting that they should have priority for study. As for the ideas placed in the upper right-hand square, these require more funding, although they show the same positive effects. In contrast, the lower left-hand square brings together the ideas that require less financial investment and have a less attractive effect while in the lower right-hand square, the ideas are not appealing. This stage completes the final objective of the management of the Ideas Bank: to identify the ideas that have the best prospects of being turned into opportunities.
Important information for water reuse modeling includes: equipment and process unity location (to determine the distance between points), relative elevation (to determine the need for pumping) and water properties such as quality at the input and output of a particular process or equipment. Based on this information GIS creates possible paths of exchange, which will be evaluated by the Eco-team for their ability to minimize water and wastewater costs and reduce environmental impacts [20] . The system is also capable of determining which localities are the most suitable for the installation of equipment that can restore the quality of the aqueous currents being reused. This instrument allows an exploratory analysis of information to be undertaken through an aggregation of spatial representation and its respective attributes of alphanumeric data linked to a database. Furthermore, it may allow new scenarios to emerge and thus facilitate decision-making.
The construction of an Information System Platform for the industrial management of water and effluents can be divided into three stages:  The reproduction of the real world (the companies) in an analytical virtual world: characterization of the companies based on the productive sources of water and effluents, the points of water consumption, and the particular hydro and hydro-geological features of the locality and the region.  The setting up and utilization of the database with information gathered from the company or even external sources of data, including information concerning the water availability of the region.  Identification and analyses of the opportunities regarding rational use of water and the reduction of the generation of effluents, as well as integration of the data from the conceptual projects proposed from the application of the instruments I4 and I8. After this stage, GIS becomes a constant feature and every new piece of data should be incorporated. This instrument may be used as an aid for the water management and/or monitoring system
Optimization of the Mass Exchange Network (I6)
Water consumption reduction practices when dealing with a great amount of streams generally imply the synthesis of Mass Exchange Networks (MEN). These either use generalized optimization methods [21] [22] [23] [24] or the water pinch analytical method, as outlined by Alva-Argáez et al. [25] , Smith and Petela [26] ,Wang and Smith [27] and Ruiz [28] . According to Smith and Petela [26] , the traditional procedures for reducing water use, such as changes in washing systems, have achieved a reduction of 30% -60% of untreated water consumption in industrial applications when complemented with the water pinch method. An alternative method makes use of the Water Sources Diagram-WSD [29, 30] to reduce the consumption of water and generation of effluents. In both cases, most of the time, some additional equipment is required to treat some streams to allow their reinsertion on the process.
The objectives of the optimization of MEN consist of developing and applying technologies, and methods that can make industrial processes more eco-efficient. This is achieved by using synthesis and optimization tools, economic engineering, and thermodynamic principles of mass exchange to design MENs with the minimum use of natural resources. After constructing the water balance, the information is compiled in a table called a Challenge Table, which contains a detailed list of the information of every stream taking part in the hydric balance.
The following information can be obtained from the Challenge Table, after using techniques for integrating the processes: the required capacities for the treatment operations of the effluents, an estimate of the financial investment needed, and an estimate of the reduction in water consumption.
In the early stages, research groups were invited to work directly with optimization by using a Water Sources Diagram (WSD) [31] . One of the reasons for this was to make it easier for the engineers in the plants to understand and to adopt the method.
Some work has been carried out with the aid of the WSD methodology, including some Master's degree dissertations under the combined supervision of the lecturers of the Clean Technology Network (UFBA) and academics from outside UFRJ (Federal University of Rio de Janeiro) [30] . Despite the difficulty of working with real cases, with multi-component streams, poor measuring devices and historical data that have not been consolidated, the application of the method can identify a wide range of opportunities to reuse intermediate streams or other external sources of water. This can increase the efficiency in water use, if the final recommendations are put into effect.
Complete development of the MEN synthesis has not yet been reached for any of the industrial plants where they have been put into effect. The three main reasons for this are as follows: a lack of proper information regarding the aqueous flows at the level of the process, difficult-ties in attributing values to the maximum concentrations of a particular pollutant that has to be taken into account in the water that enters the processes, and finally, the fact that the methods that are applicable to the multicomponent processes are still at an early stage of development. Despite this, some recommendations were implemented to a lesser extent, with success in some of the TECLIM partners' sites.
Analysis of the Insertion of the Company in the Regional Hydrological Cycle (I7)
The main purpose of the studies undertaken regarding the influence of the company activities on the regional water cycle is to assess the effectiveness of measures taken for the protection, preservation and remediation of surface and subterranean water resources in the region. These activities take into account the assessment of the hydrological and hydrogeological features of the region and make it possible to set out the extent of the beneficial effects that any reduction in water consumption and generation of effluents can have beyond the boundaries of the company.
In addition, conducting a survey of the potential supplies of water in the region can enable the Eco-team to draw up strategies based on the Life Cycle Analysis (LCA) to improve water usage, taking into account its quality and the logistical factors involved in its use, as well as the need to find alternative sources of water supply and effluent disposal in the area, if needed.
Conceptual Project Design (I8)
The conceptual projects reflect the results of incorporating P + L concepts in the company and are based on the ideas registered in the Database of Ideas (Instrument I4). They undergo a preliminary analysis and take into account the spatial representation of the area under study (Instrument I5). At this stage, a multidisciplinary team is desirable, together with a training scheme, to deal with the different technical requirements of each company in preparing a conceptual project design.
Among other activities, these requirements involve working out strategies for introducing the idea, preliminary economical/financial feasibility studies, Hazards and Operability Analysis (HAZOP) and Failure Mode and Effects Analysis (FEMEA). Obviously, a review of the data regarding the consumption of utilities and raw materials, the effluents generated and the disposal systems is essential.
The schemes for the reduction and reuse of water and effluents within the units of the production process are drawn up based on project data, operating manuals, stream data from the Water Balance and the quality of the water and effluents found in the Challenge Table, as well as the information derived from various discussions with engineers and operators. As the aim of the TECLIM method does not include the development of detailed or engineering projects, it is usual to remain in contact with collaborators from the company for assistance.
Auditing Sources of Effluent (I9)
The aim of auditing effluent streams is to define actions and procedures to reduce the volume of both organic and inorganic effluents within each process unit. Another objective is to improve the quality of effluent by minimizing the undesirable loss of products through these streams.
The method uses the techniques mentioned in Avila [32, 33] . One expected result from the application of this method consists of increasing the load and continuity of the production process due to its higher stability. It is also expected to improve the Eco-efficiency with a reduction of losses thereby improving the company's image internally and externally with increased customer satisfaction
Results
General results in terms of reduction in water use and effluent generation were shown in the first part of this paper [1] . Further specific benefits obtained through the application of the instruments described here were presented. At least 90 technical articles directly related to the projects have already been published in journals, conferences and other academic events.
The estimated environmental benefits in terms of water and wastewater reductions based on the identified opportunities are summarized in Table 3 .
The results shown in Table 3 consist of training about 1700 industry professionals in CP, the identification of about 500 ideas for the rationalization of water use and identification of ideas with potential water savings estimated at around 1400 t·h −1 and reduction of at least 500 t·h −1 of effluents. The attribution of the Quality of Information (QI) is a means itself of improving the efficiency of the process, and helps to establish priorities during the optimization step. The water balance has helped in the identification of the water flows (and their respective QI) which has to be considered for improvements an each process unit. In mapping out the aqueous flows, for example, company B found that 20% of them had not been taken into account by its information system [34] .
With regard to the data reconciliation of the water balance, the big difference between the method developed by TECLIM and traditional methods is that the divergent information is not just eliminated from the objective function but is considered for a re-evaluation of its QI. This approach allows the data reconciliation to occur without any redundancy of measurement, which is normally required in the composition of the water balances.
The reconciliation of the water balance has already revealed serious errors of measurement that were not noted by the measurement systems of the companies being studied. For example, an error of 10% or more in the measurement of a flow of effluent sent to a treatment plant in a calibrated instrument was found. This value was of significance to the company owing to the volume of effluents generated (about 500 t·h ) and the considerable cost of the treatment. Another failing identified by the reconciliation was in a company that had operated for many years on the basis of two aqueous currents that had been mixed up. The reconciliation revealed this error and discussions between the UFBA team and the company staff led to the discovery of the existence of a mixed measurement in the DSDC (Digital System of Distributed Control) following an inspection of the system.
Apart from the data collection and the attribution of the quality of information, attempts have also been made to tackle the problem of finding the best effluent allocation such as the water used in the process, by employing the geographical information system. GIS enables engineers to make a quick assessment of the necessary logistical issues (distance, quotas, removal of obstacles, free passage) for mass exchange from one point of the plant to another. In this way, ideas that are less viable can be swiftly rejected. GIS was also used to define the areas that could benefit from the use of collected rainfall and it also identifies the companies that are impacting the water cycle of the region where they are based more. This instrument was very useful in all the projects carried out.
The analysis of the way the company is incorporated in the hydrological cycle led to a reduction in the water withdrawal from the water sources that supply the Industrial Complex where most of the companies being studied are situated. The search for alternative water supplies in this complex led to the identification of three contention basins of rainfall and inorganic effluents [35, 36] and a hydraulic barrier system with 9 extraction points of contaminated ground water [35] that are potential alternative water suppliers.
These alternative water sources offer ways of managing the water flow to the companies by broadening the forms of supply and releasing it from its dependency on the actual water sources, while at the same time increasing the water supply to the region during periods when there are seasonal fluctuations of availability.
The potential use of water provided by two basins when combined corresponds to 24% of the total amount of water required by the Industrial Complex [36] . Apart from a reduction in the amount of water extracted, the studies revealed a reduction in expenditure on energy in water withdrawal, and effluent (and contaminated rain water) treatment and disposal.
Some improvements may continue to be made in the all companies after the end of each project with UFBA due in part to the ideas that emerged and became conceptual projects which were routinely entered in the portfolio of the company's projects. The auditing of the sources of effluents allows the companies to reduce generation by controlling the source of waste, one of the most important assumptions of CP. In most cases, the company was able to lower its effluent treatment costs, reduce raw materials and input flows resulting from the minimization of discharges and leaks, and ceases to pay burdensome fines for releasing high amounts of contaminants that exceed the levels permitted by the environment regulations.
The method developed in projects with industry has been adapted and expanded to other sectors that make use of water. Several projects have been carried out by TECLIM in urban settings such as public buildings, an airport, shopping centers and homes (www.teclim.ufba. br).
The method is currently being improved and new instruments are in development in current projects such as: environmental modeling and simulation of industrial processes; calculation of environmental indicators and its uncertainty from reconciled mass balance; supervision and monitoring of water consumption through the virtual system AGUAPURA (www.teclim.ufba.br/aguapura) and evaluation of impacts of projects in company after termination.
trial water systems, and thus breaking the pattern of inertia inside the industries regarding the close monitoring of water use.
The main results consist of the training of about 1700 industry professionals in Cleaner Production concepts, the identification of about 500 ideas of rationalization in water use, presentation and publication of 90 articles in journals, conferences and other academic events, identification of ideas with estimated potential savings of water of around 1400 t·h −1 and reducing effluent by at least 500 t·h −1 . The instruments developed and presented here have led to the expansion of the method to home water reuse and urban issues that are also under consideration by the TECLIM Network.
